Renal alpha 2-adrenoceptors and the adenylate cyclase-cAMP system: biochemical and physiological interactions.
alpha 2-Adrenoceptors were first described pharmacologically ten years ago. Within three years their capacity to inhibit adenylate cyclase had been demonstrated in many tissues. They were demonstrated biochemically in the kidneys in 1981 even before any renal physiological effects of their activation were known. They predominate numerically over alpha 1-adrenoceptors in renal membranes and their density is increased in genetic forms of rat hypertension. alpha 1-Adrenoceptors normally mediate the vasoconstriction and sodium- and water-retaining effects of sympathetic neuronally released norepinephrine. Norepinephrine or epinephrine must be infused to activate alpha 2-adrenoceptors, suggesting that renal alpha 2-adrenoceptors are extrajunctional, whereas alpha 1-adrenoceptors are postjunctional. When alpha 1-adrenoceptors are chronically blocked, renal alpha 2-adrenoceptor density increases and they assume a location at postjunctional sites, the otherwise exclusive domain of alpha 1-adrenoceptors. Results from microdissection studies have established that alpha 2-adrenoceptors are present on most segments of the nephron and that their activation can suppress adenosine 3,'5'-cyclic monophosphate (cAMP) accumulation induced by most renal hormones. However, failure of alpha 2-adrenoceptor activation to suppress cAMP accumulation in some tubular segments induced by certain hormones suggests compartmentalization of adenylate cyclase regulation that is hormone-function specific. In view of the potent inhibitory effects of alpha 2-adrenoceptor stimulation on hormone activated cAMP accumulation in several discrete areas of the nephron, we suggest that alpha 2-adrenoceptors fulfill important regulatory role(s) in renal function. To date, alpha 2-adrenoceptor activation has been shown to reverse vasopressin-induced sodium and water retention, and arachidonic acid- and furosemide-induced cAMP, sodium, and water excretion in the isolated perfused kidney. Thus the effects are qualitatively and quantitatively dependent in these studies on the hormone being infused and are therefore hormone-function specific. Physiological effects of alpha 2-adrenoceptor activation of thyrocalcitonin and on parathyroid hormone-induced effects have not been studied. alpha 2-Adrenoceptor activation can inhibit renin release in some model systems and can activate a sodium-hydrogen antiporter system in proximal tubules. The physiological roles of these actions are unknown.